The goal of this study was to summarize the conclusions of the studies on the efficiency of measures regarding the prevention of healthcare associated urinary tract infections (CAUTI) and to focus on the specifics of nursing care in this area. The included studies and articles were searched for in the electronic databases focused on nursing and other medical fields. The sources were in full text (Cinahl, Ebsco, NursingOvid, ProQuest STM + Hospital Colection -Medline, Science Direct) and citation texts (PubMed, Scopus). They were used for secondary searching of relevant sources. We searched for the selected studies using the following keywords: prevention, risk, infection, urinary tract, efficiency, nursing, as well as according to our criteria (full text, reviewed periodicals, English language) and the period of publishing research results in the last 7 years (2011-2018). We finally included 11 studies that fulfilled the required criteria. The studies (qualitative, observational, quasi-experimental, descriptive) mostly specify the risky areas regarding healthcare associated urinary tract infections and deal with the efficiency of implemented preventative measures which arise from the recommended preventative guidelines CAUTI. Multifactorial measures seem to be positive -education of medical workers regarding the given issue, starting protocols regarding the care of patients with a urinary catheter, standards of care and accepting relevant indications regarding the catheterization of urinary bladder.
Introduction
Urinary tract infections represent one third of the total healthcare associated infections (Catheter-associated urinary tract infection -CAUTI), i.e. such an infection is the most frequent one (Andreessen et (Carter et al., 2016; Powers, 2016) state that this infection is associated with the increase of morbidity and mortality. Jindrák et al. (2014) say that the impacts of such infections are lower considering their attributive mortality. More than 80% of these infections occur when a catheter is inserted (Carter et al., 2014; Jindrák et al., 2014; Powers, 2016; Underwood, 2015; Yatim et al., 2016) . The risk of CAUTI increases by 5% every day after catheterization (Underwood, 2015) , and after 30 days the risk is almost 100% (Andreessen et al., 2012; Jain et al., 2015; Jindrák et al., 2014) . Therapy costs and the prolongation of hospitalization are important in these cases. In the USA, the costs for CAUTI treatment are estimated to be 450 million dollars a year (Alexaitis and Broome, 2014; Andreessen et al., 2012; Fuchs et al., 2011) . To establish relevant preventative measures, it is crucial to accept the recommended guidelines, which are periodically updated. Using the correct preventative guidelines can prevent 20-70% CAU-TI (AACN Practice Alert, 2016; McNeill, 2017; Podrazilová, 2016) . Using the assessment of risks of CAUTI, the crucial areas were established, such as prolonged catheterization, examinations or operations of the urogenital tract, repeated disconnection of a draining system, an incompetent medical worker, low quality nursing care and the patient (Andreessen et al., 2012; Jain et al., 2015; Jindrák et al., 2014; Jirouš, 2012; Sujijantararat et al., 2005; Underwood, 2015) . The mentioned information shows that the risks of CAUTI arise from a number of areas and the preventative measures must be dealt with comprehensively (Marečková et al., 2015) . In relation to the currency of the topic and the effort to implement efficient preventative measures into practice on the basis of EBP (Evidence-based practice), it is possible to follow the risk assessments of the occurrence of CAUTI by Jindrák et al. (2014) , who show the data on preventative guidelines and measures of CAUTI. Important preventative steps seem to be relevant indications regarding catheterization, the right technique of inserting urinary catheters and a responding care according to the standard procedures of care of urinary catheters (Jindrák et al., 2014; Jirouš, 2012; Podrazilová, 2016) . The procedural quality indicators regarding CAUTI focus on care procedures. If they are not respected, the risk of infections is increased (Jindrák et al., 2014) . The authors' intention was to determine complex preventative measures regarding CAUTI on the basis KontAKt / Journal of nursing and social sciences related to health and illness n u r s I n g of the current recommended procedures which follow EBP. Using the current and best scientific evidence in deciding about the guidelines of care is common practice (Marečková et al., 2015) . The current priority in nursing is providing quality and safe care.
Materials and methods
The main goal of this study was to find the efficient prevention strategies regarding CAUTI from the point of view of nursing care of hospitalized patients. We used the PICO guideline to establish the question of "FOREGROUND" type: P -Patient/ Problem (hospitalized adult patient with a urinary catheter/ the risk of CAUTI); I -Intervention (preventative measures regarding CAUTI); C -Comparison (a patient without intervention or the period before and after intervention); O -Outcome (the number of CAUTI, days with a catheter) ( We searched for sources in full-text electronic databases focused on nursing and healthcare. We searched for full texts after studying their abstracts and assessing them as relevant or potentially relevant. The keywords were: prevention, risk, infection, urinary tract, efficiency and nursing. The time range for the search was set to seven years (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) . The main reasonn we chose this period was that the current recommended guidelines (Guidelines for the Prevention of Catheter-associated Urinary Tract Infections) were published in 2009, so the authors chose the interval due to the possible implementation of new recommended guidelines and the possibility of assessing the efficiency of the established study methods. The condition for inclusion was a full text published in English. The CAUTI intervention preventative programme was treated as a measure implemented in institutions whose goal was decreasing the number of CAUTI. The efficiency was defined as a decrease of the number of CAUTI or a decrease of the number of catheterization days in an institution/department where the research was carried out. The criteria were established according to Jindrák et al. (2014) , who set the parameters as the resulting indicators of quality. The efficiency was assessed in the concluding assessment of selected studies, which is shown in Table 1 . The exclusive factors were studies in homecare, unavailability of a full text, studies carried out at paediatric departments, and one study which assessed only the economic impact of the interventions. In the end we included 11 studies. One study was qualitative, one was quasi-experimental, one was observational, one was descriptive, and there were 7 other studies in which the authors did not specify the study type. The level of evidence is 2-3 (Marečková et al., 2015) . The method of searching relevant research sources is shown in Chart 1. In the first phase, nurses were trained by the members of a multidisciplinary team in the prevention of CAUTI and the use of the protocol. The document was implemented in the hospital IT system. A part of the study was a research regarding the satisfaction with the implemented protocol. The result of the implementation of the protocol was a decrease in the number of days with a catheter from 402 to 380 and a decrease in the number of CAUTI at intensive care units from 2.88 to 1.46, which is not statistically significant (p = 0.068) but it is an important decrease from the point of view of clinical practice (Fuchs et al., 2011) . The HOUDINY protocol was later used as a part of the prevention in studies and the efficiency of the implemented preventative steps was proven. The goal of the study (Underwood, 2015) was to find the efficiency of the interventions to decrease the number of CAUTI. The study was carried out in 2012. Its preparation phase was followed by the post-implementation phase in 2013. In this case, the implemented measures of CAUTI enabled the realization of educational programmes for employees, the implementation of standard methods of care of urinary catheters, which correspond with the EBN (Evidence-based nursing), and the implementation of the HOUDINY process (for the reassessment of catheterization indication).
The facility had implemented standard guidelines for catheterization and care of a catheter and a urinary bag, including the CAUTI preventative measures and the HOUDINY process. The study included 936 patients (implementation phase) and 902 in the post-implementation period. The result of the implementation of measures was a total decrease in the number of catheterization days from 458 to 401.5 (14%). The number of CAUTI decreased by 19% but was not statistically significant (from 7.6 → 7.2). According to Underwood (2015) , the necessity of the implementation of standard methods of care and catheterization was confirmed, as well as the education of personnel and the implementation of unified criteria for the indication of catheterization. She perceives the limits of her study to be the relatively low number of respondents. The efficiency of the implementation of the HOUDINY process and a daily reassessment of the catheterization indication by nurses were studied by Yatim et al. (2016) at a station with 75 beds. Before the beginning of the study, the education of nurses was included -indication assessment, urinary scanner after catheter removal. The result of the six-month study after the implementation of measures was a slight increase in the number of catheterization days. According to the authors, it was probably caused by the composition of patients; there were no cases of CAUTI. The results were compared to the monitored nine-month pre-implementation period, which showed 4 cases of CAUTI (Yatim et al., 2016) .
The efficiency of the implementation of the protocol/documentation of nurses (containing the indication of catheterization and the necessity of daily reassessment of whether a catheter is necessary) was assessed by Alexaitis and Broome (2014) . Their study was carried out at a neurosurgical intensive care unit. They found a higher number of catheterization days and CAUTI (<58%) than at other units (22%). At the end of the study, they used the FADE method (Focusing on the problem; Analyzing data; Developing a plan to reduce CAUTIs; Executing the plan and Evaluating results). Before the beginning, an audit was used to find insufficient knowledge of nurses in the care of patients with a urinary catheter, indications of catheterization, the management of the reassessment of catheterization indications was not unified, nurses were not trained in using the instruments for checking the residual urine after catheter removal. At the beginning of the study, nurses completed an educational programme and skills practice, a catheter care protocol was implemented (record of catheterization data, size and type of catheter, daily reassessment of indication, care of catheter/hygiene, education of patients and their families), and an audit was carried out, which confirmed a 98% concordance with the nursing care protocol (previously 89.3%) and a total improvement in complex care from 85.9 to 90.1%. They compared 322 patients with a control group of 497 patients. The result was a decrease of CAUTI by 20.5%: from 3.85 to 3.06. The average costs of medicines and supplies and the methods of the CAUTI treatment decreased by 40.7%, and the period of using a catheter was shorter by 2.5 days. However, the author adds that the project assessment was carried out after two months and only at one hospital unit. A significant statistical relevance of implemented measures was not proven. Nevertheless, preventative steps should be implemented in the hospital and reassessed due to their larger quantity (Alexaitis and Broome, 2014).
The study from 2009 (Oman et al., 2012) shows that an interdisciplinary team for prevention initiated a project for the increase of the quality of care, and implemented the recommended interventions of nurses that led to the prevention of CAUTI. The project implemented the following measures: a multidisciplinary team of specialists, the reassessment of used materials and prices, the available catheter types, urinary bags and aids for the alternative insurance of the derivation of urine, the availability of the instruments for finding the urinary residue and the implementation of clinical information system (records on the number of CAUTI/1000 catheterization days, number of hospitalization days/catheterization days, days of a post-operation catheterization/patients). The project had 3 phases and was carried out at surgical units (general surgery and pulmonary surgery). There were 150 patients at the general surgery unit and 125 at the pulmonary unit. Based on the recommendations through verified practice, they implemented the following steps in the 2nd project phase: the implementation of latex catheters with a silicone layer, the implementation of sets for catheterization including a urinary bag, educational programmes for non-medical healthcare personnel (including physiotherapists, transportation employees or radiological assistants). The education included information about the CAUTI prevention. In the third phase, they carried out an educational programme for nurses, where it was possible to discuss the issue and the training regarding the use of instruments/scanners. They also implemented the protocol on catheter care with a suggestion of the reassessment of catheter indication. An educational programme for patients and their relatives was implemented. The result of the measures implemented during the 6 months was a 96% personnel training, a decrease in the number of catheterization days from 3.01 to 2.2 at the surgical department, at the pulmonary department the decrease was 3.53 to 2.7, and there was also a $52,000 saving (Oman et , respecting the principles of hand hygiene, aseptic method during catheterization, the fixation of a catheter to the thigh, keeping a record on a catheter and a daily reassessment of the necessity of catheterization. The result was an improvement in keeping records on catheters to 98%, a decrease in catheterization days by 71% (from 505 to 148 days), a decrease in the number of catheterizations by 57%, and a decrease in the average catheterization time from 23 days to 9 and three weeks after the implementation of the measures, there was only one case of CAUTI occurred.
The qualitative study of Carter et al., 2016, lasted nine months (2011-2012). It was carried out at a reception, where 90% of patients had been given a urinary catheter on the first day. After the implementation of preventative measures, 52 interviews were carried out, and the results clearly showed the large contribution of the nursing management and specialized nurses who were appointed by the management of the CAUTI preventative measures. The importance of this was mainly in the activities regarding the implementation of new methods and the high motivation of nurses to provide quality care. The implemented measures were: the reassessment of the current methods, monitoring the quality of care and procedures using audits, respecting a strict asepsis during catheterization, considering the alternatives for catheterization, the establishment of exact catheterization indications and a daily reassessment of catheterization indication using protocols. The evaluation of the measures implemented was assessed by the number of implemented catheters at the department. According to the authors, the respondents confirmed a decrease in the number of catheterization days and cases of CAUTI. However, specific data are not available (Carter et al., 2016) .
The results of the study by Purvis et al. (2014) dealt with the efficiency of similar preventative measures to the previous one (the implementation of the activities of multidisciplinary teams for the prevention and control of infections, protocols for nurses and the education of employees in the issue). The steps of this study included the implementation of a common documentation for nurses and doctors. Its function is a daily reminder of a reassessment of the necessity of catheterization. They also carried out an educational programme for nurses and regular audits of the quality of care. The research was carried out at two 28-bed units (non-surgical and surgical). It included all patients with a urinary catheter. Before the implementation of measures, the authors found the absence of knowledge of the CAUTI preventative measures, leaving a catheter if a patient wished, or in order to make the care easier (incontinence); there were no reassessments of indication. The implementation of measures resulted in a decrease of the average catheterization period from 5.11 to 2.59 per day, as well as the number of CAUTI (from 4.2 to 2.4) (Purvis et al., 2014) . The evaluation of the CAUTI preventative measures implemented at the department of reception and intensive care is described in the study of Carter et al. (2014) . The measures established on the basis of EBP and EBN were the following: the establishment of the indications for catheterization and the reassessment of indication, aseptic method during catheterization, the correct care of catheters and urinary bags, and education of employees. The departments established charts for the reassessments of catheterization indication and a unified documentation for catheter care. The results of this study, which was carried out between October of 2011 and October of 2013 showed a decrease in the number of CAUTI in the last three months (0 cases) and a decrease in the number of catheterization days. However, a low number of patients were included in the study and it was only carried out at selected parts of the facility (Carter et al., 2014) . Interesting results can be found in the study of Powers (2016) . The primary goal was to assess whether there was a relationship between the incidence of CAUTI and the interruption of enclosed urinary collective system provided that aseptic procedure was respected. In 8 months, his study mapped 53 cases of the interruption of the urinary collective system. 92.5% of patients did not suffer from CAUTI and 4 patients did as a result of the interruption of the urinary collective system (7.5%). For comparison, the authors state the number of CAUTI during the period spent in the facility, i.e. 3.5 cases in 1,000 catheterization days.
The results of the efficiency of the implemented preventative measures regarding the CAUTI prevention from a quasi-experimental study were published by Peter et al. (2018) . The data were collected from 70 respondents (35 were in the control group). Before the start of the study, they implemented a unified updated method and interventions in the CAUTI prevention (strict asepsis during catheterization, the establishment of catheterization indications and monitoring and a daily reassessment of catheterization indication, the care of the urinary catheter and the urinary collective system, the use of an enclosed urinary collective system, the prevention of regressive urine flow, correct urine collection for a microbiological examination). An educational programme for employees was also included. The research assessed the knowledge and control and experimental skills (trained) of a group of nurses, and audits of performances and nursing procedures were carried out. The results confirmed an increase in the quality of care after the training of the experimental group of employees (Peter et al., 2018) . The authors concluded the necessity of the education of personnel regarding the issue, regular check-ups of the methods of care and the monitoring of the number of CAUTI and catheterization days in the facility.
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The included studies were summarized in Tab. 1. Besides the identification data, we recorded the periods when the studies were carried out, an overview of the implemented preventative measures for CAUTI and the efficiency indicators of the implemented measures. The interventions/implemented measures were generalized. The evaluation of the preventative interventions of CAUTI was published by Meddings et al. (2014) .
Discussion
The goal of this study was to find the level of the efficiency of The CAUTI registration is more complicated due to the fact that an infection can be asymptomatic. The diagnostics needs the evidence of the presence of a significant quantity of microorganisms in urine (Jindrák et al., 2014) . This fact cannot be ignored. It is necessary to record the cases of infections, if possible electronically, and not to underestimate the first symptoms of CAUTI. As a conclusion, it is possible to polemize with the results; this article assesses the effect of qualitative and observational studies which do not present specific results. These intentions may be an inspiration for further research and bring information about the possibilities of research effects regarding the prevention of CAUTI.
The limitations of the study
This article gives the review of the results of researches which deal with post-implementation preventative measures regarding CAUTI. One limitation could be the inclusion of articles that were written only in English. We did not include studies written in other foreign languages. Another limitation is the level of evidence included in this article. A limitation can appear in the results (frequently non-diagnosed asymptomatic cases of CAUTI which were not recorded). The only solution would be to draw samples of urine for a microbiological examination. The authors of the studies included in this review are aware of the limitations of their studies, such as only one hospital type or a certain department/section -the results cannot be globalized to every hospital type or care department. We are also aware of a limitation in the conclusions of the authors and their teams; the parameter of catheterization days was decreased, as well as the number of CAUTI, but the decrease in the number of infections was statistically insignificant, however, clinically significant. The issue in the discussion regarding the limitation of this study is the choice of keywords with "and" (the Boole operator), which led to a large number of irrelevant sources (Mareckova et al., 2015) . Another limitation was the selected time interval.
Conclusions
We are able to say that the last years of the prevention of CAUTI have preferred sets of measures (packages). Studies mostly assess the effect of the implementation of numerous measures and the preventative steps are based on updated recommended guidelines. The implemented measures seem to be efficient, but we cannot ignore the fact that the implementation of any guideline requires a check-up and the efficiency evidence-based assessment (in this case, the number of the cases of CAUTI and catheterization days). Accepting catheterization indication and a daily reassessment of indication seem to be very efficient preventative aspects. Care protocols are a tool for measures. The assumed and verified effect is a decrease in the catheterization period and the elimination of the risk of CAUTI. We must not forget the regular education of the medical personnel and quality nursing care of patients with a urinary catheter.
